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Mirela Sichigeab
aDepartment of Financial and Economic Analysis, The Bucharest University of Economic Studies,
Bucharest, Romania; bDepartment of Finance, Banking and Economic Analysis, University of Craiova,
Craiova, Romania; cDepartment of Marketing and International Economic Relations, East European
Center for Research in Economics and Business, West University of Timişoara, Timişoara, Romania
ABSTRACT
Acknowledging the importance of the bioeconomy as an import-
ant dimension of sustainable economic development, and particu-
larly for E.U. strategies, this paper aims to identify and assess
several bioeconomy modellers under the compelling effects of
education and research–development–innovation activities. Within
this frame of reference, the authors have assessed the role of
intellectual capital in shaping bioeconomy outcomes, distinct for
the new E.U.-13 and E.U.-15. A complex set of methods and
macro-econometric models was applied on two balanced panels,
compiled during 1995–2016, that bind random effects models
with panel-corrected standard errors, spatial analysis and struc-
tural equation modelling. Overall, the importance of research,
development, innovation and specific skills acquired in the field
of bioeconomy is outlined, as key elements of E.U. economic
strategies, being essential for all Member States.
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1. Introduction
Bioeconomy represents a relatively new concept whose importance has been embod-
ied in the last decade by its inclusion in sustainable development strategies at inter-
national and regional levels, such as the European Union (E.U.) area. The E.U.
strategies were further transposed into national strategies of each Member State
(M.S.), both the new E.U.-13 M.S. (mainly developing countries in Central and
Eastern Europe, C.E.E.) and old E.U.-15 M.S. (developed countries), entailing their
specificity in adopting the general framework. Within specialist and different organi-
sations (national or international) the concept of bioeconomy has different
approaches, but in a unanimously accepted form, bioeconomy is considered through
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its linkages with the environment, sustaining ecology and sustainable economic devel-
opment by enhancing bioresources and application of biotechnology (Adamowicz,
2017; Bracco, Calicioglu, Gomez San Juan, & Flammini, 2018).
By projecting the future of the bioeconomy in 2030, the Organization for
Economic Co-operation and Development (OECD, 2009) underlines the synergistic
role that biotechnology and biomass production will have, along with knowledge of
genes and complex cell processes. In the Europe 2020 strategy, two of the seven pro-
posed initiatives also include a bioeconomy component, namely: (i) an ‘Innovation
Union’ supporting the creation of the bioeconomy by 2020 through partnerships
at all M.S. levels through the implementation of specific technologies; and (ii)
‘A resource-efficient Europe’, which takes into account the ‘shift to a low-carbon
economy, to increase the use of renewable energy sources, modernize the transport
sector and promote energy efficiency’ (European Commission, 2010, pp. 15–18).
In the European Strategy entitled ‘Innovating for Sustainable Growth: A Bioeconomy
for Europe’, three directions are foreseen for the development of the bioeconomy,
namely: (i) investment in research, innovation and skills in the bioeconomy; (ii)
strengthening the interaction between political coordination and stakeholder involve-
ment by setting up a ‘Panel and a Bioeconomy Observatory’ to bring together all stake-
holders; and (iii) developing markets and promoting competitiveness in the
bioeconomy (European Commission, 2012).
Thus, it can be said that the bioeconomy represents the enlargement of renewable
energies and biomass production, extraction, transformation and consumption by
encompassing natural resources (limited resources) and grasping knowledge transfer;
moreover, bioeconomy heightens the implementation of biotechnology at a large scale
within the economy, achieved by sustained innovation activities. This study acknowl-
edges the important role of research, development, innovation and specific skills
acquired in the field of bioeconomy, a role which is shaped also by the European
strategies, notably through the Europe 2020 targets, differentiated across E.U. coun-
tries, especially for two groups: the new E.U.-13 countries and E.U.-15 (Marcu &
Dobrota, 2016).
Given the bioeconomy’s importance in sustainable economic development around
the world and its novelty in scientific research, the general objective of this paper is
to examine several modellers of bioeconomy credentials within the E.U.-13 compared
with the E.U.-15, under the compelling effects of education, research, development
and innovation activities (intellectual capital factors). The general objective of the
paper is designed on two benchmarks for each considered panel, emphasising the
main discrepancies between E.U.-13 and E.U.-15: the first aim is to assess the impli-
cations of intellectual capital (educational attainment, R&D expenses, and innovation
patents) upon most representative bioeconomy outcomes; the second aim is to evalu-
ate the interlinkages among all these variables; the direct, indirect, and overall effects
of intellectual capital on bioeconomy credentials. Since there is a high heterogeneity
among M.S. at E.U.-28 level, in particular as regards the intellectual capital and
knowledge implementation but also the different degrees of bioeconomy development,
the authors compare the modelling results of the E.U.-13 with E.U.-15 (distinct
panels). Moreover, in the new M.S. of E.U.-13 the bioeconomy concept is not widely
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applied, but represents a key driver for sustainable economic development. Thus, dif-
ferent from others, this study grasps a set of complex methods and models processed
on two sub-panels compiled after splitting the E.U. territory in new E.U.-13 and
E.U.-15 M.S., as an original way to analyse this issue.
In the empirical analysis the following variables were considered: (i) indicators of
intellectual capital (educational attainment, research and development – R&D, innov-
ation patents); (ii) representative outcomes for the bioeconomy sectors; and (iii)
labour market and other specific variables. Various econometric procedures and tech-
niques were applied for each considered group (E.U.-13 and E.U.-15, two balanced
sub-panels compiled during 1995–2016), namely: (i) random effects (R.E.) and panel-
corrected standard errors (P.C.S.E.) models, in order to assess the implications of
intellectual capital upon bioeconomy outcomes – first research aim; (ii) spatial ana-
lysis models, spatial lag and error, also for supporting the first research aim; and (iii)
structural equations modelling (S.E.M.), to evaluate the interlinkages between all these
variables – the direct, indirect, and overall effects upon each bioeconomy variable.
After noting the importance and novelty of the bioeconomy processes within the
framework of E.U. strategies, under the implications of the intellectual capital in
the Introduction section, the paper is organised in three major parts. A summary of
the main findings in the scientific literature focused mainly on E.U. countries is pre-
sented next. The data used and methodology applied are clearly described and further
detailed. The final section comprises the results obtained for the E.U.-13 compared
with the E.U.-15, followed by discussions, concluding remarks and policy implications.
2. Literature review
The bioeconomy concept has been amply addressed in the literature and has been the
subject of several specialised papers, but the implications of intellectual capital on its
perspectives at the macroeconomic level have been less considered, especially for the
two distinctive groups of E.U. M.S., or even for the E.U. as a whole. Thus, the
authors investigated the following directions: the main bioeconomy measurement
approaches and the sectors included in the bioeconomy; the intellectual capital meas-
urement for bioeconomy monitoring; and the macroeconomic implications of the
intellectual capital upon bioeconomy dimensions.
At the worldwide level, and particularly within the E.U. M.S., bioeconomy presents
characteristics that reflect the specificity of each country, both as measurement
approach and regarding the sectors included. For bioeconomy measurement, some
authors (Ahmed, 2018; Bracco et al., 2018; Pursula, Aho, R€onnlund, & P€a€allysaho,
2018) recommend those bioresources used in the production of extensive goods and
services (in sectors such as agriculture, health, and industry) by applying biotechnol-
ogy. Golebiewski (2018, p. 32) also states that ‘bioeconomy encompasses production
of renewable biological resources and transformation of these resources into value-
added products’. Bracco et al. (2018, p. 14) highlight that bioeconomy monitors both
socio-economic (through intellectual features, education and training, R&D support,
poverty dimension, food and energy resources, gender aspects) and environmental
dimensions (through resources, energy and climate dimensions) under ‘progress in
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meeting the SDGs or environmental targets’. Based on these results, for assessing the
most representative bioeconomy measurement in this research, the authors selected
production, extraction, and transformation of bioresources, and their consumption.
Regarding the main sectors enclosed by bioeconomy in E.U. M.S., Ronzon, Santini,
and M’Barek (2015) have grouped them into four main categories, namely agriculture,
agro-food and bio-chemicals industry, forestry and non-specialised bioeconomies. Thus,
the C.E.E. countries are specialised on a distinctive sector of bioeconomy, such as agricul-
ture (Romania, Poland, Slovenia and Croatia), forestry industry (Latvia and Estonia), or
non-specialised sectors (Bulgaria, Hungary, Slovakia and the Czech Republic), while the
developed E.U. M.S. focus mainly on the agro-food and bio-chemical industries. By analy-
sing the bioeconomy in the 2030s horizon, the OECD (2009) has forecasted that the major
biotech markets in agriculture and industry will be in developing countries, amid rising
incomes and population and through improving educational backgrounds, especially
towards tertiary education. This idea was also underlined by Tondl and Vuksic (2003),
researching the role of human resources alongside foreign investment and geographic
location upon economic growth within several C.E.E. countries (namely the Czech
Republic, Slovakia, Hungary, Poland, and Slovenia). They proved that tertiary education
has a significant role for biotechnology and innovation.
Implementation of the bioeconomy in Europe provides the prerequisites for new
major implications in ‘education, training, and research’ (e.g., Bildirici & €Ozaksoy,
2018; Braha, Qineti, & Serences, 2015; Zilberman, Gordon, Hochman, & Wesseler,
2018). Analysing the general changes in academia and food industry paradigms in
order to meet the challenges of innovation, Saguy (2011) highlighted several major
changes that need to be made in this respect, such as removing the barriers between
universities (tertiary education emphasis) and industry, and applying a revised model
of intellectual improvement. The transition from manufacturing to knowledge-based
technology innovation implies new skills acquired by the graduates of higher educa-
tion, to be applied in the areas sustained by bioeconomy: agriculture, health and
industry (with a focus on the chemical industry, energy, forestry, pharmaceutical,
etc.) (European Commission, 2012; Fonseca et al., 2015; Urmetzer & Pyka, 2017).
Only through partnerships developed among authorities, the business environment
and universities, through the joint development of knowledge and skills, and by
cross-border partnerships and exchanges between universities, can the medium- and
long-term strategies be supported and achieved based on graduates in R&D and
innovation activities, in key areas of bioeconomy (Pilvere, Nipers, & Mickiewicz,
2016). Regarding R&D support for bioeconomy sectors, C.E.E. countries, in general,
invest in research to a smaller extent, although innovation is included as core of eco-
nomic development in the long run in the strategies of these countries (Braha et al.,
2015; _Zołtaszek & Olejnik, 2017).
In terms of the variables used to measure the intellectual capital at national or
regional level, there are numerous models in the literature established by international
organisations or by individual researchers (e.g., Lin & Edvinsson, 2010). The implica-
tions of intellectual capital (mainly measured by R&D expenditure and patents) have
been analysed mostly in relation to economic growth, and less so regarding the bio-
economy sector (e.g., Kacprzyk & Doryn, 2017).
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As regards bioeconomy, intellectual capital dimensions are primarily focused on
R&D support across various sectors, with implications of developing new products
through invention and innovation (Ahmed, 2018; Anghel, Siminica, Cristea, Sichigea,
& Noja, 2018). Besides education, training and financial support of R&D activities,
Lu, Kweh, and Huang (2014, p. 203) proved that ‘the most representative output indi-
cator’ of the R&D resources is ‘the number of patents received’. Therefore, in this
paper, to assess the intellectual capital factors that shape the bioeconomy, the follow-
ing credentials are considered: educational attainment, R&D expenditures as share in
Gross Domestic Product (G.D.P.) (as input indicators), and the number of patents
received in the bioeconomy sector (as output indicator). One of the main shortcom-
ings in the intellectual capital measures and comparison among countries is that of
‘different quality criteria and different regional-national statistical systems’ (Lin &
Edvinsson, 2010, p. 12). For the analysis this paper considers the Eurostat database,
which aligns and makes comparable the statistical data of all E.U. M.S.
Regarding the macroeconomic implications of the intellectual capital upon bio-
economy dimensions, the following findings are summarised: a few studies have
focused on the regional level, particularly on E.U. M.S. (e.g., Nedelea, Mironiuc,
Huian, B̂ırsan, & Bedrule-Grigoruţa, 2018), which proved poor intellectual capital
impact (measured by number of patents and R&D expenses) upon the bioeconomy
(assessed by ecological and environmental dimensions) and economic growth, and
the need for reforms and strategies in this context; a significant amount of work was
dedicated to analyse this impact only at national level, for example, in Spain (Lainez,
Gonzalez, Aguilar, & Vela, 2018); a pervasive assertion of these implications was ana-
lysed by Pyka and Prettner (2018), who advocated the prerequisite for an inclusive
reorganisation of the whole economy for renewable resources production and
consumption.
Therefore, by investigating the scientific literature, it can be stated that: the main
dimensions for bioeconomy measurement are the extensive use of bioresources by
biotechnology processes within a wide range of economic sectors, but especially in
the fields of agriculture, health and industry; there are various approaches regarding
the importance of the intellectual capital in this respect; there are many models that
account different intellectual capital measures, but fewer within the bioeconomy
framework; and little research has analysed the impact of intellectual capital upon
bioeconomy sectors at the national or regional level (E.U.), particularly for the
C.E.E. countries.
3. Data and methodology
To fulfil its general objective and specific aims, this study measures the implications
of intellectual capital on bioeconomy by considering the following groups of indica-
tors (data) separately for the new E.U.-13 and the old E.U.-15:
 representative indicators of intellectual capital, mainly targeted by the Europe 2020
Strategy for each M.S., namely: tertiary education level 30–34 age group (%)
(EDU_Tert); population with secondary, upper, post-secondary and tertiary
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education, measured as a percentage of the population aged 15–64 years (EDU);
R&D expenditures (% of G.D.P.) (RD_exp); patents on recycling and secondary
raw materials (number) (Patents_recy);
 most representative indicators for the bioeconomy dimensions: primary biomass
production and renewable energies (thousands tonnes of oil equivalent,
T.O.E.) (Biorenew_P); gross inland consumption of biomass and renewable
wastes (T.O.E.) (Biomass_C); transformation input of biomass and renewable
wastes (T.O.E.) (Biomass_TI); and biomass domestic extraction (thousand
tonnes) (Biomass_EXT);
 labour market and other specific variables: the labour force stock (Labour);
resource productivity, acknowledged as the indicator of resource efficiency by the
Europe 2020 strategy (euro per kilogram, chain linked volumes 2010) (RES_Prod).
Because at national level there is no homogenous/unitary approach regarding bio-
economy variables, data were extracted from the Eurostat database (European
Commission 2018) for the period 1995–2016. Two panels were set up: one panel for
the E.U.-13 M.S. (new countries), having 286 observations; and another panel for the
E.U.-15 M.S. (old countries), comprising 330 observations processed for each indica-
tor (variable N in Table 1, and Appendices, Table A1).
Regarding the main proxies of intellectual capital for 2016, in the E.U.-13
EDU_Tert registered a high share in only two countries, Lithuania and Cyprus, while
in the E.U.-15 this was significant in Ireland, the U.K., Sweden, and Denmark
(Figure 1(a)). The RD_exp registered important allocations only in the old E.U.-15
countries, namely the Nordic States (Sweden, Finland, and Denmark), Belgium,
Austria, France and Germany (Figure 1(b)). The Patents_recy was sustained particu-
larly in Poland, from the C.E.E. countries, and in several countries from the E.U.-15
(namely France, Germany, Spain, Italy, Belgium, and Finland) (Figure 1(c)).
The main outcomes of bioeconomy for 2016 (Figure 2) reveal high contributions
only for two countries from E.U.-13, namely Poland (for Biorenew_P and
Biomass_C) and Romania (for Biomas_EXT), while for E.U.-15 there are important
results in France, Germany, the U.K., and Italy (considering all bioeconomy varia-
bles), the Nordic States (for Biorenew_P, Biomass_TI and Biomass_C), and Spain
(for Biomass_EXT).
Thus, regarding the intellectual capital and bioeconomy results at the horizon of
2016, countries with important contributions from C.E.E. are Lithuania (tertiary edu-
cational attainment), Poland (innovation patents in bioeconomy, primary biomass
production and renewable energies, biomass domestic extraction, and gross inland
consumption of biomass and renewable wastes), and Romania (biomass domes-
tic extraction).
For each corresponding aim of the paper, the authors propose to verify the follow-
ing hypotheses (H):
 H1. There are significant direct implications of intellectual capital factors (educa-
tional attainment, R&D expenses and innovation patents) upon bioeconomy
dimensions – the first research aim;
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 H2. There are relevant interdependencies (direct, indirect, total) among the basic
features of intellectual capital and their consequences upon bioeconomy creden-
tials – the second research aim.
The research methodology consists of applying the following macro-econometric
models for E.U.-13 and E.U.-15, distinctive for each aim: (1) Random Effects models
(RE) completed by Panel-Corrected Standard Errors (P.C.S.E.) and spatial analysis (lag
and error) models, developed to accomplish the first aim; and (2) Structural Equations
Modelling (S.E.M.), developed and processed to analyse the second aim of
this research.
The R.E. model describes the effect of each country included in the panel as an
arbitrary extraction that is not correlated with the regressors, respectively, with
residual variables or error, as shown in Equation (1) (Baum, 2001, p. 227).
yit ¼ xitbþ zidþ ðui þ eitÞ, (1)
where:ui þ eit – the compound error term; ui – effects for each country included in
the panel; i¼ 1, … , N; and t¼ 1, … , T; N – number of countries included in the
panel; T – number of time periods.
The estimators of R.E. models (through the Generalised Least Squares – G.L.S.
method) use the assumption that ui is not correlated with the model regressors,
which is essential for identifying the coefficients b and d.
The standard configuration of the RE model is described in Equation (2).
BioECit ¼ b1 þ b2EDUTertit þ b3Patentsrecyit þ b4RD expit þ b5RESproditþ
þb6Labourit þ zidþ ðui þ eitÞ, (2)
where: BioEC comprises the fundamental indicators used to measure bioeconomy.
Relevant alternatives to attain unbiased estimators avoiding endogeneity are by
applying multiple models (McKenzie & Sasin, 2007). In this regard, the authors have
Figure 1. Intellectual capital in 2016 in E.U.-28, namely EDU_Tert (a), RD_exp (b), and
Patents_recy (c).
Source: Authors’ processing in Stata, based on Eurostat data.
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designed and processed the general model also through P.C.S.E. and spatial analysis
(Spatial Lag and Spatial Error). P.C.S.E. was applied in line with other studies that
have used mainly Monte Carlo experiments to assess the performances of panel data
estimators (Moundigbaye, Rea, & Reed, 2018; Reed & Ye, 2011). Beck and Katz’s
(1995) attested that the P.C.S.E. estimator ‘is correct even when the error structures
show complications’ (p. 634) and has the best performance irrespective of the degree
of serial correlation of the errors and cross-sectional dependence (Moundigbaye et al.,
2018). Furthermore, the reasons for applying spatial analysis reside in the need to
capture the importance of location and spatial concentration in assessing bioeconomy
outcomes across the E.U. under the compelling effects of intellectual capital.
Theoretical and empirical foundations of such an endeavour are rooted in the
Figure 2. The main bioeconomy indicators in 2016 within the E.U.-28, namely Biorenew_P
(a), Biomass_EXT (b), Biomass_TI (c), and Biomass_C (d).
Source: Authors’ processing in Stata based on Eurostat data.
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neoclassical location theory, the new trade theory and the new economic geography
(Krugman, 1991; Golebiewski, 2018). These fields of knowledge emphasise the
importance of spatial organisation and distribution of economic activities and net-
works effects in enhancing the output of key industries. In terms of bioeconomy
investigations, recent literature uses spatial econometric techniques to highlight devel-
opments in this area (Drejerska & GołeRbiewski, 2017; Holloway, Lacombe, & LeSage,
2007). Therefore, the authors have processed two spatial models estimated through
the maximum likelihood method (M.L.E.), with a general configuration described by
Equations (3a) and (3b) (Viton, 2010).
Spatial lag models:
y ¼ kWyþ Xbþ u (3a)
Spatial error models:
y ¼ Xbþ u, u ¼ pWuþ t, (3b)
where: W is the inverse distance weights matrix, y is the dependent (outcome) vari-
able, X represents the explanatory (independent) variables, k and q are scalars that
measure the dependence of yi on nearby y and the spatial correlation in the errors, u
represents the error term (spatially correlated residuals), V captures independent and
identically distributed disturbances.
The presence (or absence) of spatial autocorrelation is tested through Patrick











where: xij are elements of the spatial weights matrix W (row standardised), R is the
number of regions with associated neighbours (spatial units indexed by i and j), x is
the variable of interest, and x is the mean of x.
In addition to these models, S.E.M. was further applied in order to include the dir-
ect, indirect and total interdependencies between the determinants of intellectual cap-
ital and each bioeconomy variable, and to complete the second aim. S.E.M. is an
advanced multivariate analysis technique used to design, test, and forecast the causal
relationships among selected variables.
First, to ensure an adequate comparability of data among countries and to discard
the associated variations and differences, for S.E.M., the standardisation procedure
was considered by developing a composite indicator (yi), according to Equation (5)
(OECD, 2005).
yi ¼ ximeansd , (5)
where: xi is the gross value of the analysed indicator/variable; sd is stand-
ard deviation.
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The general representation of S.E.M. models is shown in the equation system (6).
b11y1t þ . . . :þ b1mymt þ c11x1t þ . . .þ c1nxnt ¼ e1t
b21y1t þ . . . :þ b2mymt þ c21x1t þ . . .þ c2nxnt ¼ e2t
. . . . . . . . . . . .





where: t is the number of periods of time observed; bij is parameters of endogenous
variables yij; cij is parameters of exogenous variables xij; i¼ 1, … , m; j¼ 1, … , n.
The developed S.E.M. model provides an integrated framework for analysing the
implications of intellectual capital on bioeconomy credentials, from a dual perspec-
tive, namely the determinants–impact interactions.
4. Results and discussion
4.1. Results of R.E. and P.C.S.E. models
In compliance with the general objective of the paper, for the first aim, several
macro-econometric models were first developed processed on the configuration of R.E.
and P.C.S.E. models for each selected bioeconomy variable (Table 1, models 1–4).
The R.E. estimator obtained through the G.L.S. method is efficient and provides a
wider sphere of statistical and economic implications, because it captures the individ-
ual heterogeneity, since important differences across countries exist and induce a sig-
nificant influence on the bioeconomy credentials (dependent variable). All R.E.
models were processed in Stata with robust standard errors to account for heterosce-
dasticity, so as to obtain to obtain heteroscedasticity-robust standard errors (e.g.,
Huber/White or sandwich estimators). P.C.S.E. estimator ‘provides accurate standard
error estimates with no or little loss in efficiency relative to FGLS’ (Beck & Katz,
1995, p. 645).
These models were processed separately for the E.U.-13 and E.U.-15 panels,
allowing use of additional information about the panel units, a greater variability,
low collinearity between variables, as well as several degrees of freedom, thus lead-
ing to an overall increased efficiency of the developed models. A series of specific
tests were applied in order to ensure robust, efficient and unbiased estimators in
the case of R.E. models (Appendices, Table A2a for stationarity and Table A2b for
robustness check). Breusch–Pagan L.M. tests if the variances across entities are
zero and the results obtained on both E.U.-13 and E.U.-15 samples highlight that
there are significant differences across countries (panel effects), therefore a simple
O.L.S. regression cannot be run. The authors further checked for cross-sectional
dependence as a problem in macro panels with long time series (over 20 years in
this case) that can lead to contemporaneous correlation by applying the Pesaran’s
C.D. test. The results obtained show that there is no cross-sectional dependence
for E.U.-13 and E.U.-15 panels. Furthermore, the authors tested for serial correl-
ation through Wooldridge test for autocorrelation in the panel data, and the
results find no serial correlation in the case of E.U.-15 and limited presence of
first-order autocorrelation for the E.U.-13 sample.
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The results obtained (Table 1) outline the decisive importance of tertiary education
in influencing the bioeconomy coordinates, especially at the E.U.-13 level. Thus, in
case of the New E.U. M.S., an improvement in the educational level of the population
aged 30–34 to tertiary education (EDU_Tert) induces beneficial effects upon bioecon-
omy coordinates, for both R.E. and P.C.S.E., significantly increasing domestic biomass
extraction (Biomass_EXT) (model 4, the estimated coefficients are very significant at
0.1%), but also the primary biomass production and renewable energies (Biorenew_P)
(model 1, the estimated coefficients have a very high level of statistical significance at
the 0.1% threshold), and inland consumption of biomass and renewable wastes
(Biomass_C) (model 2), and the transformation of these inputs (Biomass_TI) (model
3). On the other hand, in the case of E.U.-15, the impact of EDU_Tert is positive and
significant for Biomass_TI, while for Biomass_EXT the estimated coefficients are
inconsistent and different in sign for R.E. and P.C.S.E.
Innovation and increases in knowledge transfer in the field of recycling and sec-
ondary raw materials through registered patents (Patents_recy) produce positive
effects on the E.U.-13 economies for all bioeconomy variables (models 1–4). Not
least, the bioeconomy coordinates can be significantly and positively influenced by
the countries’ financial support for stimulating R&D in these areas, expressed by the
share of R&D expenditure in G.D.P. (RD_exp), both in the E.U.-13 (for production,
consumption and biomass transformation, models 1–3), and especially at the E.U.-15
level (for all variables). The old E.U. M.S. (E.U.-15) also have the advantage of signifi-
cant bioeconomy benefits under the impact of very high labour stock (Labour) (mod-
els 1–4) and resource productivity (RES_Prod), reflected by a significant increase in
biomass production, consumption and transformation of biomass and renewable
energy (models 1–3).
Based on these results, the first hypothesis – H1. There are significant direct impli-
cations of intellectual capital factors (educational attainment, R&D expenses and
innovation patents) upon bioeconomy dimensions – is fulfilled, especially for
EDU_Tert and Patents_recy at the level of the E.U.-13 panel, and RD_exp for E.U.-15.
4.2. Results of spatial analysis models
Further, in order to support the first aim of the paper, based on the literature, and to
account for spatial interdependencies by identifying spatial spillovers effects, spatial
analysis models, lag and error were developed for each bioeconomy variable.
All of these models (Table 2) have ensured the accuracy and robustness of the
results obtained. Therefore, the estimated coefficients are slightly different in size, but
consistent in sign (they have not changed their sign throughout different estimation
procedures, with very few exceptions) in the presence of statistical significance.
Moran’s I shows positive global spatial autocorrelation in both samples, while positive
and significant rho and lambda values entail positive autoregressive influence of the
explanatory variables associated with the intellectual capital upon bioeconomy
credentials.
Thus, this paper presents new evidence to attest that tertiary education
(EDU_Tert) is a major growth factor that leads to significant increases for all
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bioeconomy variables in E.U.-13 M.S., and less for E.U.-15 M.S. (different signs for
Biomass_EXT). These results are in line with those obtained by Tondl and Vuksic
(2003) who proved that tertiary education has a significant role for biotechnology in
C.E.E. countries. Moreover, in the case of E.U.-13, high performances achieved in
terms of patents registration and innovation on recycling and secondary raw materials
(Patents_recy) lead to significant increases for all bioeconomy credentials (models
1–4), while for E.U.-15 these are not statistically significant. On the other hand, in
the case of E.U.-13, low performances achieved in terms of the share of R&D expend-
iture in G.D.P. (RD_exp) induce negative effects upon the Biomass_EXT (model 4),
while for E.U.-15 an increasing in financial support of activity in this field positively
reverberates upon all bioeconomy variables (models 1–4). However, as OECD (2009)
forecasted, the major biotech markets in 2030 will be the developing countries, since
the prerequisites for innovation implementation in C.E.E. countries are ensured.
Another important factor with positive effects on some bioeconomy credentials for
E.U.-13 is the resource productivity (RES_Prod), whose increase significantly improves
the production, transformation and biomass consumption (models 1–3), while in case of
Biomass_EXT the effect is opposite (model 4). Nevertheless, in the case of E.U.-15, the
Biorenew_P and Biomass_EXT tend to register negative effects on E.U.-15 economies
upon RES_Prod influence.
Based on these findings, the first hypothesis – H1. There are significant direct
implications of intellectual capital factors (educational attainment, R&D expenses and
innovation patents) upon bioeconomy dimensions – is re-attested and fulfilled, espe-
cially for EDU_Tert and Patents_recy at the level of the E.U.-13 panel, and RD_exp
for E.U.-15, as R.E. and P.C.S.E. models previously proved.
4.3. Results of the S.E.M. models
In order to fulfil the study’s second aim with associated H2 testing hypothesis, the
empirical research was expanded through a two-way integrative approach that cap-
tures the modelling factors of the bioeconomy fundamentals through intellectual cap-
ital measures, within an integrative frame of analysis. The general S.E.M. model uses
the standardised variables, and the results for the two panels, E.U.-13 and E.U.-15,
are shown in Figure 3.
In order to validate the results of the S.E.M. models (Appendices, Tables A3–A5),
a series of specific tests was applied, such as the Wald test for each equation, the
good-fit tests (Likelihood ratio, Information criteria, Baseline comparison, Size of
residuals), and the Alpha Cronbach per item and per total scale was also calculated.
The results of Cronbach’s alpha (E.U.-13 overall ¼ 0.8280 and E.U.-15 overall ¼
0.8540) reveal the reliability (internal consistency) of the scale, thus pointing to a
high strength and consistency of the measures selected for the concepts. Wald tests
results allowed rejection of the null hypothesis that the coefficients other than the
intercepts are zero, for each equation. Akaike’s information criterion (A.I.C.) and
Bayesian information criterion (B.I.C.) values are smaller in case of E.U.-13 models
compared with E.U.-15; still, these criteria contain little information themselves and
are generally used to compare across numerous models. The coefficient of
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determination is close to 1 in both model series (E.U.-13¼ 0.866 and E.U.-
15¼ 0.813) and indicates a good fit for the whole model. However, the standardised
root mean squared residual (S.R.M.R.) values, comparative fit index (C.F.I.) and
Tucker–Lewis index (T.L.I.) suggest that there might be also some imperfections in
the models deployed.
Within this new integrative framework, at the level of the new E.U.-13 M.S., the
intellectual capital reflected by tertiary education (EDU_Tert) does not show the
expected positive effects on all bioeconomy credentials, since it decreases Biorenew_P
(the estimated coefficient is negative 0.0459 and very significant), leading down-
wards also in Biomass_EXT (the estimated coefficient is negative 0.074 and signifi-
cant) and Biomass_C (the estimated coefficient is negative 0.0461 and significant).
The only favourable impacts of EDU_Tert are on Biomass_TI (the estimated
Figure 3. S.E.M. models for bioeconomy and intellectual capital variables, E.U.-13 and
E.U.-15, 1995–2016.
Source: own research in Stata.
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coefficient is positive 0.327 and very significant). The E.U.-13 M.S. are mainly labour-
exporting countries with large emigration flows of highly skilled labour, with negative
brain drain spillovers over their economies. Also, tertiary education in the E.U.-13 is
not primarily oriented towards bioeconomy qualifications, by competences and skills
formation, even though the importance of the bioeconomy is asserted in the national
strategies of these countries. However, positive effects are accounted in this case
under the impact of the R&D process and innovation (Patents_recy) and the increases
in the population with total secondary, post-secondary and tertiary education (aged
15–64 years) (EDU), for all bioeconomy credentials. This result is opposite to that
obtained by Nedelea et al. (2018), which proved poor intellectual capital impact
(measured by number of patents and R&D expenses) upon bioeconomy, for all E.U.
M.S. In summary, overall, the interlinkages between the intellectual capital and each
bioeconomy credential in E.U.-13 have generated favourable support with positive
cascade effects only for the Biomass_EXT. That means tertiary education (the most
unfavourable variable upon bioeconomy) needs to be reconsidered in line with the
national and bioeconomy E.U. strategies, with specific and real interventions in com-
petencies, skills formation and labour market integration within the bioeconomy sec-
tors, as Fonseca et al. (2015), Saguy (2011), and Urmetzer and Pyka (2017) also
highlighted as major changes to be made for the development of a sustain-
able bioeconomy.
On the other hand, for the old E.U.-15 M.S., the intellectual capital and
research–development–innovation process, reflected by tertiary education
(EDU_Tert), decisively contributes to the increase of all biomass indicators, most
significantly for Biomass_TI (the estimated coefficient is 0.0848, statistically signifi-
cant at the 5% threshold). Even more, an increase in the number of patents
(Patent_recy) generates positive and statistically very significant effects upon all bio-
mass indicators, the most influential being for Biomass_EXT (coefficient is 0.712).
From the point of view of the interlinkages generated by the intellectual capital
upon the bioeconomy coordinates, a significant positive impact is shown for the
Biomass_EXT and Biomass_TI (higher for biomass extraction), while the other con-
sidered bioeconomy coordinates would generate adverse effects (negative estimated
coefficients) if proper strategies and policies in the direction of the bioeconomy
were not implemented.
Thus, based on the S.E.M. model, the second hypothesis – H2: There are relevant
interdependencies (direct, indirect, total) among the basic features of intellectual capital
and their consequences upon bioeconomy credentials – is partially fulfilled.
5. Conclusions, qualitative and policy implications
This research has examined the importance of bioeconomy credentials for the new
E.U.-13 M.S. (mainly C.E.E. countries) compared with the old E.U.-15 M.S., under
the compelling influence of the intellectual capital. The assessment was based on sev-
eral European strategies, namely: Europe 2020 (European Commission, 2010), and
‘Innovating for Sustainable Growth: A Bioeconomy for Europe’ (European
Commission, 2012). These strategies are also acknowledged by O.E.C.D.’s policy, ‘The
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Bioeconomy to 2030: designing a policy agenda’ (OECD, 2009), which established
solid guidelines both for developed countries and for developing ones. On this frame
of reference, the importance of intellectual capital is greatly expressed, since biotech-
nology, as a main driver of bioeconomy, needs knowledge on research–developmen-
t–innovation activities, and highly skilled people.
The general objective of this paper – assessing several models of bioeconomy cre-
dentials (biorenewable production, biomass transformation, extraction and consump-
tion) within the E.U. under the compelling effects of intellectual capital factors – was
analysed on two aims. The most relevant bioeconomy credentials (biorenewable pro-
duction, biomass transformation, extraction and consumption) and intellectual capital
variables (educational attainment, with focus on tertiary one, R&D expenses and
innovation patents) were selected according to the supporting literature.
Thus, for the first aim, assessing the direct implications of intellectual capital
upon bioeconomy outcomes for each considered panel, E.U.-13 and E.U.-15, it
was proved that: there is a major importance of tertiary education in influencing
the bioeconomy coordinates, especially for E.U.-13 economies; the financial sup-
port granted to encourage R&D (RD_exp) generates positive outcomes of bioecon-
omy, both in the E.U.-13 and, especially, in the E.U.-15 countries; the increase in
the number of acknowledged patents (Patents_recy) by innovation and knowledge
transfer in the field of recycling and secondary raw materials generates positive
effects on the E.U.-13 economies, while on the E.U.-15 the effects are adverse
(contrary to expectation).
The second aim related to the direct, indirect and total concerted influence of
intellectual capital upon bioeconomy features by applying S.E.M.; the results showed
important interlinkages among variables, both for new and old E.U. M.S. For the new
E.U.-13 M.S., positive effects of the intellectual capital (Patents_recy and EDU) are
generated upon the all bioeconomy variables, while tertiary education sustains only
the transformation input of biomass and renewable wastes (Biomass_TI). Also, in
case of E.U.-15, the intellectual capital (EDU_Tert, Patents_recy and RD_exp) plays a
key role in promoting all bioeconomy variables in this integrative framework, while
the population with total secondary, post-secondary and tertiary education (aged
15–64 years) (EDU) is relevant in sustaining the biomass transformation and renew-
able wastes (Biomass_TI).
Based on these findings, the interest for strong bioeconomy strategies is justified,
in both E.U.-15 and, especially, in E.U.-13 countries, since ‘transition countries must
encourage biomass energy consumption to enable sustainable economic growth and
development’ (Bildirici & €Ozaksoy, 2018, p. 403). Therefore, for the E.U.-13 M.S., the
policy implications shown by the models relate to the following directions: enhancing
tertiary education skills and competences towards the main sectors of bioeconomy,
specific for each country, by reorganising the curricula in line with the national and
E.U. bioeconomy strategies; policy makers’ awareness for the necessity of higher allot-
ment of R&D financing oriented to specific bioeconomy sectors; wide application of
patents in the field of recycling and secondary raw materials; formation of a recycling
culture in the population by specific policies and regulation, following the good prac-
tice model of the E.U.-15 developed countries.
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In this regard, the specific financial schemes of the European structural funds for
Research and Innovation (R&I) are the main support offered by policy makers at the
European level, targeted for Smart Specialisation Strategies (RIS3), the European
Fund for Strategic Investment (E.F.S.I.) and Horizon 2020 programme. However,
considering ‘the maturity in the bioeconomy R&I’ at E.U. regions (Spatial Foresight
et al., 2017, p. 48), the less developed E.U.-13 countries are marked with 1 to 4 points
from 10, compared with the E.U.-15. Thus, these financial schemes need to be rede-
signed, further fostered and promoted by the policy makers, especially for the specific
sectors of the bioeconomy (agriculture, agro-food and bio-chemicals industry, forestry
and non-specialised bioeconomies).
In a nutshell, a further enhancement of the role of education, research and develop-
ment and innovation is at the core of any set of measures adopted and implemented by
policy makers, both nationally and at the European level. These results strengthen and
support the idea that E.U. M.S. can apply their potential for innovations in the produc-
tion, extraction, transformation and more efficient use of biomass and bio-based resour-
ces, to increase economic output and welfare for the public benefit (access to
biotechnologies, employment, increased food security, nutrition and household income,
biodiversity). Hence, an overall improvement in individuals’ health and wellbeing (quality
of life) could be reinforced within an integrative strategic framework in the bioeconomy
field, thus targeting sustainable development also in terms of environmental and
social objectives.
A further development of the current research is considered in order to expand
the analysis to distinctive sectors of bioeconomy, and to measure the impact of both
intellectual capital and bioeconomy credentials upon economic and sustainable devel-
opment, separately for E.U.-13 and E.U.-15.
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Appendices
Table A1. Descriptive statistics, E.U.-13 and E.U.-15, 1995–2016.
N mean Sd min Max
E.U.-13
EDU_Tert 286 25.47098 12.22245 1.000002 58.7
EDU 286 71.19301 14.96761 17.1 87.6
RD_exp 286 .7973706 .4582706 .024 2.604
Patents_recy 286 2.908951 5.907834 0 53.82
Biomass_C 286 1385.37 1548.067 0 7996
Biomass_TI 286 207.7213 389.8592 0 2622.7
Biorenewable_P 286 1440.371 1528.004 0 7853.5
Biomass_EXT 286 30371.64 42157.8 25734.34 188549.2
RES_Prod 286 .7521073 .3967153 .0425 2.2946
Labour 286 3829956 4636410 146439 1.80eþ 07
E.U.-15
EDU_Tert 330 32.50485 10.86537 8.6 54.6
EDU 330 63.11136 13.89838 19.3 87.8
RD_exp 330 1.882173 .8311624 0 3.914
Patents_recy 330 18.68476 31.4278 0 244.98
Biomass_C 330 4870.97 4902.468 24.6 26174.6
Biomass_TI 330 1641.417 2011.849 0 12111.5
Biorenewable_P 330 4617.05 4815.643 24.6 26740.5
Biomass_EXT 330 86166.37 86047.05 1082.07 402159.8
RES_Prod 330 1.89329 .7859285 .7363998 4.1973
Labour 330 1.24eþ 07 1.27eþ 07 167651 4.30eþ 07
Source: own research.
Table A2a. Unit-root test (square root) for the residuals of models, E.U.-13 and E.U.-15, 1995–2016.
Resid
E.U.-13
LLC (Levin-Lin-Chu) p-value 0.0001
t-statistic 3.7367
ADF regressions: 1 lag; Time trend included
LR variance: Bartlett kernel
Im-Pesaran-Shin p-value 0.0008
t-statistic 3.1554
ADF regressions: No lags included
AR parameter: Panel-specific
E.U.-15
LLC (Levin-Lin-Chu) p-value 0.0000
t-statistic 4.6817
ADF regressions: 1 lag; Time trend included
LR variance: Bartlett kernel
Im-Pesaran-Shin p-value 0.0000
t-statistic 4.0149
ADF regressions: No lags included
AR parameter: Panel-specific
Ho: Panels contain unit roots Ha: Panels are stationary
Source: own research in Stata.
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Table A3. S.E.M. results for Cronbach’s alpha, 1995–2016.
Test scale¼mean (standardised items), average
E.U.-13 E.U.-15
Item Obs Sign alpha Obs Sign alpha
Biorenew_P 286 þ 0.7708 330 þ 0.8064
Biomass_TI 286 þ 0.7716 330 þ 0.8101
Biomass_EXT 286 þ 0.7919 330 þ 0.8468
Biomass_C 286 þ 0.7715 330 þ 0.8069
EDU_Tert 286 þ 0.8571 330 þ 0.8782
Patents_recy 286 þ 0.7936 330 þ 0.8476
EDU 286 þ 0.8271 330 þ 0.8427
RD_exp 286 þ 0.8541 330 þ 0.8404
Total scale 0.8280 0.8540
Source: own research in Stata.
Table A4. Wald test for S.E.M. models, 1995–2016.
E.U.-13 E.U.-15
Variables Chi2 df p-value Chi2 df p-value
Biorenew_Prod 349.77 4 0.0000 255.79 4 0.0000
Biomass_TI 390.12 4 0.0000 235.00 4 0.0000
Biomass_EXT 378.57 4 0.0000 335.57 4 0.0000
Biomass_C 367.94 4 0.0000 235.85 4 0.0000
H0: all coefficients excluding the intercepts are 0
Source: own research in Stata.
Table A2b. Robustness tests for RE models, E.U.-13 and E.U.-15, 1995–2016.
E.U.-13
Breusch and Pagan Lagrangian multiplier test for random effects chibar2(01) 541.47
Prob> chibar2 0.0000
Pesaran’s test of cross-sectional independence Pesaran’s test 1.496
Pr 1.8653
Average absolute value
of the off-diagonal elements
0.483
Wooldridge test for autocorrelation in panel data F(1, 14) 15.544
Prob> F 0.0522
E.U.-15
Breusch and Pagan Lagrangian multiplier test for random effects chibar2(01) 463.62
Prob> chibar2 0.0000
Pesaran’s test of cross-sectional independence Pesaran’s test 0.830
Pr 0.4068
Average absolute value
of the off-diagonal elements
0.431
Wooldridge test for autocorrelation in panel data F(1, 14) 11.591
Prob> F 0.1043
Source: own research in Stata.
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Table A5. Good-fit tests for S.E.M. models, 1995–2016.
Fit statistic Value Description
E.U.-13
Likelihood ratio
chi2_ms(26) 1487.381 model vs. saturated
p > chi2 0.000
chi2_bs(38) 2439.588 baseline vs. saturated
p > chi2 0.000
Information criteria
A.I.C. 1810.551 Akaike’s information criterion
B.I.C. 1898.295 Bayesian information criterion
Baseline comparison
CFI 0.382 Comparative fit index
T.L.I. 1.247 Tucker–Lewis index
Size of residuals
S.R.M.R. 0.110 Standardised root mean squared residual
CD 0.866 Coefficient of determination
E.U.-15
Likelihood ratio (LR)
chi2_ms(26) 1892.442 model vs. saturated
p > chi2 0.000
chi2_bs(38) 2668.729 baseline vs. saturated
p > chi2 0.000
Information criteria
A.I.C. 6581.830 Akaike’s information criterion
B.I.C. 6673.009 Bayesian information criterion
Baseline comparison
CFI 0.287 Comparative fit index
T.L.I. 1.613 Tucker-Lewis index
Size of residuals
S.R.M.R. 0.151 Standardised root mean squared residual
CD 0.813 Coefficient of determination
Source: own research in Stata.
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